Molecular interaction studies using ultrasonic technique in the binary liquid mixtures of 4 -Methyl-2-pentanoneWith Butan-2-One,Furfuraldehyde and Cyclohexanone has been carried out at 308K temperature. Using the measured values of ultrasonic velocity, density and viscosity, acoustical parameters and their excess values are evaluated. From these excess parameters are used to discussing about the nature and strength of the interactions in these binary systems.
INTRODUCTION
The dielectric 1 and ultrasonic studies [2] [3] [4] have been provided many data in precisely understanding the molecular interactions and the structural behavior of molecules and their mixtures. During the last two decades, ultrasonic study of liquid mixtures due to its non-destructive nature was carried out in different branches of science to measure the different properties to predict the nature of molecular interactions. The formation of molecular clusters and network structures due to strong intermolecular interactions through H-bonds in alcohols results in their complicated molecular structures in liquid state. The complexities in the H-bonded alcohol structures at the molecular level changes significantly in ternary mixtures of various characteristics of H-bonded liquids due to the breaking of their homogeneous structure and simultaneously the formation of H-bonded heterogeneous structures. The conformations of binary of industrial and biologically useful H-bonded liquids, particularly Ketenes, are the challenging problems in liquid state physics and chemistry. In the present work, ultrasonic velocity measurements on the binary liquid mixtures were carried out, in order to get ideas about some of the universal rules in the structural variation and formation of the H-bonded structure over the entire concentration variation of the mixture constituents.
EXPERIMENTAL

Experimental techniques Aspects in Theoretical Adiabatic compressibility (â)
The adiabatic compressibility is the fractional decrease of volume per unit increase of pressure, when no heat flows in or out. These changes are related to the compressibility of the medium by thermodynamic relation.
... (1) It can also be calculated from the speed of sound (U) and the density of the medium (ñ) using the equation of Newton Laplace as
Intermolecular free length
The adiabatic compressibility of a liquid can be expressed in terms of the intermolecular free length which is the distance between the surfaces of the neighboring molecules and is given by the relation,
...(3)
Where K T is the temperature dependent constant.
Free Volume (V f )
Free volume is one of the significant factors in explaining the variations in the physic-chemical properties of liquids and liquid mixtures. The free space and its dependent properties have close connection with molecular structure and it may show interesting features about interactions, which may occur when two or more liquids are mixed together. This molecular interactions between like and unlike molecules are influenced by structural arrangements along with shape and size of the molecules. A liquid may be treated as if it were composed of individual molecules each moving in a volume V f in an average potential due to its neighbors. That is, the molecules of a liquid are not quite closely packed and there are some free spaces between the molecules for movement and the volume V f is called the free volume 24 .Eyring and Kincaid 25 defined the free volume as the effective volume in which particular molecule of the liquid can move and obey perfect gas laws Free volume in terms of Ultrasonic velocity (U) and the Viscosity of the liquid (ç) as ... (4) Where Meff is the effective molecular weight i n which m i and X i are the molecular weight and the mole fraction of the individual constituents respectively). K is a temperature independent, constant which is equal to 4.28x10 9 for all liquids.
Internal Pressure (ð i )
The measurement of internal pressure is important in the study of the thermodynamic properties of liquids. The internal pressure is the cohesive force, which is a resultant of force of attraction and force of repulsion between the molecules On the basis of statistical thermodynamics, expression for the determination of internal pressure by the use of free volume concept as given by ... (6) As is the internal pressure and neglecting P which is insignificantly small to ð i ... (7) The final equation for the evaluation of internal pressure can be obtained by combining and rearranging the equations (6) and (7) ... (8) Where K is a constant, T the absolute temperature, ç , the viscosity in NSm-2, U, the ultrasonic velocity in ms-1, ñ, the density in kgm-3 of the liquid.
Relaxation time (ô)
Relaxation time is the time taken for the excitation energy to appear as translational energy and it depends on temperature and on impurities.
The dispersion of the ultrasonic velocity in binary mixture reveals information about the characteristic time of the relaxation process that causes dispersion. The relaxation time (ô) can be calculated from the relation.
...(9)
Acoustic Impedance (Z) The Specific acoustic impedance is given by ... (10) Where U and ñ are velocity and density of liquid respectively.
Gibb's Free Energy (DG*)
The relaxation time for a given transition is related to the activation free energy. The Variation of KTwith temperature can be expressed in the form of Eyring salt process theory.
... (11) The above equation can be rearranged as, ... (12) Where K is the Boltzmann constant and h is plank's constant.
The excess values are calculated using the formula, Where, where Ai is any acoustical parameter and Xi is the mole fraction of liquid component.
Density Measurement
The density of pure liquids and mixtures are measured using a 10ml specific gravity bottle. The specific gravity bottle with the experimental liquid is immersed in a temperature Controlled water bath. The densities of pure liquids thus obtained are found to be in good. Agreement with standard values. The measured density was measured using the formula, ... (14) Where, W 1 is the weight of the distilled water. W 2 , is the weight of the experimental liquid is the density of water. is the density of experimental liquid.
Viscosity measurement
The viscosity of the pure liquids and liquid mixtures are measured using an Ostwald's Viscometer calibrated with doubly distilled water. The Ostwald's Viscometer with the experimental liquid is immersed in a temperature controlled water bath. The time of flow was measured using a Racer stopwatch with an accuracy of 0.1 sec. Viscosity was determined using the relation Where, is the Viscosity of water , is the time of flow of water is the density of water. is the viscosity of the experimental liquid.
is the time of flow of the experimental liquid. is the density of the experimental liquid.
Velocity Measurement
The velocity of ultrasonic waves in the liquid mixture have been measured using an ultrasonic interferometer (Mittal Enterprises, New Delhi) working at a fixed frequency of 2MHZ with a tolerance of ± 0.005%. The measuring cell is a specially designed double walled vessel with provision for temperature constancy. The high frequency generator excites a quartz crystal fixed at the bottom of the measuring cell, at its resonant frequency. The capacity of the measuring cell is 12cc. A fine micrometer screw, with a least count of 0.01mmat the top of the cell, can be raised (or) lowered the reflector plate in the liquid through a known distance. The measuring cell is connected to the output terminals of the high frequency generator through a shielded cable. Ultrasonic waves, normal to quartz crystal, is reflected from the reflector plate. Stationary waves are formed in the region between reflector plate and the quartz crystal. The micrometer is slowly moved till a number of maximum readings (n) of the anode current is passed. The total distance moved by the micrometer is noted (d).The wavelength of the ultrasonic waves in the liquid is ë =2d/n. The velocity of ultrasonic waves in the liquid U = ëf .Where f is the frequency of the generator.
RESULTS AND DISCUSSION
In system 1,2 and 3 -Tables-1 (a),1(b) and1(c), it is noted that the density decreases with increase in mole fraction for 4-Methyl-2-pentanone+buyan-2-one, 4-Methyl-2-pentanone+cyclohexanone and 4-Methyl-2-pentanone+furfuraldehyde. Ultrasonic velocity and viscosity decreases with increase in mole fraction of the solute in 4-Methyl-2-pentanone+buyan-2-one, 4-Methyl-2-pentanone+cyclohexanone and 4-Methyl-2-pentanone+furfuraldehyde.
In system 1,2 and 3 -Tables-2 (a),2(b) and 2(c). The corresponding plots are given in Figs-2and 4.it is noted that the decrease in velocity is due to the The decrease in velocity is due to the increase in free length and adiabatic compressibility of the liquid mixtures system 4-Methyl-2-pentanonebutan-2-one, 4-Methyl-2-pentanone+cyclohexanone and 4-Methyl-2-pentanone+furfuraldehyde.. It is observed that for a given concentration as the number of CH group or chain length increases, the sound velocity increases.
In system 1,2 and 3 -Tables-2 (a),2(b) and 2(c), The corresponding plots are given in Figs-2 and 4. It is noted that the adiabatic compressibility and free length increases with increase of mole fraction in system 4-Methyl-2-pentanone+cyclohexanone and 4-Methyl-2-pentanone+furfuraldehyde. This may lead to the presence of specific molecular interaction between the molecules of the liquid mixture. The adiabatic compressibility and free length are the deciding factors of the ultrasonic velocity in liquid systems. The internal pressure decreases and free volume increases with increasing mole fraction.
In system 1,2 and 3 -Tables-2 (a),2(b) and2(c) and the corresponding plots are given in fig-3 . it is noted that the internal pressure may give information regarding the nature and strength of forces existing between the molecules. The decrease in free volume shows that the strength of interaction decreases gradually with the increase in solute concentration. It represents that there is weak interaction between the solute and solvent molecules.
When two liquids are mixed, there is a molecular attraction between the molecules of components and hence the cohesive energy is high. The cohesive energy and absorption coefficient values are decreased with increases in mole fractions in all the systems which may be due to weak induced dipole-induced dipole interactions in all systems.. In system 1,2 and 3 -Tables-1 (a),1(b) and1(c). Acoustic impedance decreases with increase of mole fraction in all the three systems. The relaxation time (ô) decreases with increasing concentration for all the three systems.
The dispersion of the ultrasonic velocity in the system should contain information about the characteristic time ô of the relaxation process that causes dispersion.
The relaxation time which is in the order of 10 -12 sec is due to structural relaxation process 28 and in such a situation it is suggested that the molecules get rearranged due to co-operative process 29 .
In system 1,2 and 3 - Tables-2 ( In system 1,2 and 3 -Tables-1 (a),1(b) and1(c). It is seen that the molecular interaction parameters values are more negative in system 4-Methyl-2-pentanone+cyclohexanone and 4-Methyl-2-pentanone+furfuraldehyde than 4-Methyl-2-pentanone+butan-2-one. It is suggested that dipole-dipole interactions stronger than induced dipole-induced dipole interactions.
From the table2,5&8. The corresponding plots are given in Figs-6, 16,26 . The Gibb's Free energy decreases with increasing mole fraction of SYSTEM:-2 4 -Methyl-2-pentanone +CYCLOHEXANONE Table 2 Hence from these factors, there is less intermolecular hydrogen bond formation SYSTEM:-3 4 -Methyl-2-pentanone +FURFURALDEHYDE Table 2 
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